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FIGURE 4.-Schlieren photogtaphs of high-Maeh-number centrifugal unnpressor diffuser 
jeou, Worn ref. 4 ) .  

FIGURE 5.-Isobarics measured in high-MacAnumber fEou, of centrifugal compressor 
vane-island diffuser (numbers on contours are pressures, psi) Cfim ref. 4 ) .  
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Despite the paucity of data, there are certain flow characteristics that 
we can deduce. The full diagnosis is displayed in reference 2. Here, we will 
repeat only the essential conclusions. 

The flow from the Boeing impeller was separated grossly in the blade- 
to-blade plane. The wake width, figure 12, was about 75 percent and the 
jet veiocity about 960 fps.7 ?‘his diwhrge pstterii le& io a very iiiisieaily 
absolute flow as shown by hobwire traces in figure 13 from another, low- 
speed, and much less separated impeller. 

The weakness of the radial outflow in the wake region encourages back- 
flow off the diffuser sidewalls as suggested in figure 14. Such backflow has 

HUB MID PASSAGE SHROUD 

FIGURE l3.-TypiCal radial ht-wire anemometer traeea for a particular impeller passage 
measured at impeller tip (multiple t r a m  superimposed) illustrating relative unsteady 
$ow. (Approximately three channels are shown). 
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FIGURE 14. -ScWie  of back+ pattern in rotor s p a .  

Tip speed approximately 2OOO fps. 
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been seen by many observers. For instance, Faulders (ref. 11) and 
Johnston (ref. 1) observed it plainly in a static diffuser rig as shown in 
figures 15 and 16. In the Boeing case, time-average wall traces, shown in 
figure 17 by oil streaks in the schlieren windows, suggest mild backflow. 
We feel the time-average streaks are meaningless because the backflow is 
probably transient in stator coordinates as the wakes move past and 
travel through the strong pressure fields of the diffuser vanes (fig. IS). 
There may be important acoustic wave and resonance phenomena acting 
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FIGURE 15.-Limiting wall streamline traces f r m  vaned difluez jlou, (from ref. 16). 
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FIGURE 16.-Fbw in vaneleas regiun of vaned diffuser (frm ref. 16). 

FIGURE 17.4il t r a m  in vaneless region of vaned diffuaerflm (from ref. 2). 

in the impeller and diffuser channels. It should be mentioned that the 
diffuser shock pattern was unaffected by the impeller blade position 
relative to the diffuser vanes (see ref. 4), but, plainly, the flow conditions 
at  the impeller tip are very unsteady. 

We conclude that the boundary layer on the diffuser sidewalls was 
flowing backwards at certain times in an unsteady, three-dimensional way. 
Perhaps this backtiow, and consequent mixing with and energizing of the 
return flow by the outflow, can account for the large prediction error of 
the two-dimensional boundary-layer theory. 






























